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MEMORANDUM TO: Calvin G. Grayson 
SUBJECT: 
REFERENCES: 
Assistant State Highway Engineer 
Planning and Research 
Research Report No. 376; "Design Guide for Bituminous Concrete Pavement 
Structures;" KYP-56, HPR-1(9), Part III. 
Research Report No. 269; "Rational Analysis of Kentucky Flexible Pavement 
Design Criterion," 1968. 
Research Report No. 305; "Structural Analysis of Bituminous Concrete 
Pavements," 1971 (also published in Record 407 by the Highway Research Board, 
1972). 
Research Report No. 349; "A Pavement Design Schema," 1972 (also published 
in Special Report 140 by the Highway Research Board, 1973). 
As a supplement to previous reports, we are furnishing herewith an array of tables and graphs setting 
forth layer thicknesses which our analysis indicates would be required throughout the range of input 
parameters likely to arise in the design of bituminous concrete pavement structures. These tables and 
graphs provide a readout more readily than the nomographs included in previous reports. 
Also, we have prefaced the tables with proposed procedural guidelines which embody necessary 
resource references and design considerations. I believe the Bureau should formally adopt a guide document 
of this type. I urge you to consider the items, here submitted, as being enabling from that standpoint: 
We have made an in-depth comparison of our structural requirements with those given in the 1972 
AASHO Interim Guide (blue book). We discovered, as illustrated by attachments hereto, that a logical 
modification, possibly a needed correction, of the AASHO Soil Support Scale (Attachment 1) provides 
remarkably close agreement (Attachment 2) with our 480-ksi tables and curves when translated into 
SN (Structural Number) units. Without this modification, we fear that the use of the AASHO Guide 
will lead to severe underdesign of pavement structures for high EAL's. Perhaps, these deviations should 
be brought to the attention of the AASHO Subcommittee on Roadway Design. 
An Ervalue of 480 ksi was found to correlate well with pavement structures composed of 33 
ADDRESS RETURN TO: DIVISION OF RESEARCH, 533 SOUTH LIMESTONE, LEXINGTON, KY. 40508 
percent asphaltic concrete and providing adequate service. The 480-ksi value (E1) may be associated 
with an average annual pavement temperature of 64 F; it may be construed also as the modulus at 
a low rate (creep speed) of loading. A comparable value at a higher rate of loading (nearer to traffic 
speed) might be in the order of 600 ksi. It was felt that the warm season temperatures (greater than 
the annual average) could diminish the modulus of a I 00-percent asphaltic concrete pavement to a value 
which would allow distortion in the pavement. The excess temperatures were analyzed and weighted; 
the weighted temperatures ranged from 78 F at a depth of 1 in. to 73 F at a depth of 12 in. Some 
averaging is admissible to simplify procedures. Thus 75 to 76 F seems appropriate. This diminishes the 
480-ksi value to 305 ksi. If, on the other hand, the high-rate-of-loading modulus is associated with 64 
F, it would diminish to about 480-ksi at 75F. Any further weighing of modulus -- say to 305 ksi -­
would be in proportion to the percentage of the pavement thickness composed of asphaltic concrete. 
This weighting would apply only to those pavements consisting of more than 33 percent asphaltic concrete. 
This is our most judicious recommendation for design. Both the tables and the graphs are identified 
by an Ervalue of 305 ksi. It should be restated, as a reminder and for the benefit of succeeding 
generations, that the 305-ksi value, there, is specific only for the l 00-percent asphaltic concrete structures 
and that the E1 modulus graduates to 480 ksi for the 33-percent asphaltic concrete structures. 
Sensitivity analyses indicate that an underdesign of 1.5 in. in asphaltic concrete may reduce the 
life of a pavement by one-half; but, on the other hand, an overdesign of 1.5 in. may double the life. 
Therefore, long-term economics, together with uncertainties inherent in the prediction of EAL's (especially 
the likelihood of underestimating EAL's), strongly favor designs which provide ample thicknesses. The 
same effect would be achieved by doubling the estimated EAL -- or, in the case of the AASHO Guides, 
by increasing the terminal serviceability index. Perhaps it should be noted here that the AASHO 
nomographs for P t = 2.5 and P t = 2.0 should not be inferred to be constraints upon the selection 
of terminal serviceability index. Surely, higher values of Pt are warranted in the design of pavements 
for high-speed, high-volume traffic. Recourse to Equation C-7, p. 57 (therein), remains not only admissible 
but advisable. We are inclined to believe that a Pt of 3.5 or greater would be applicable now to interstate 
and some future primary routes if rouglmess arising from settlement of fills and foundations could be 
subtracted from the serviceability ratings. 




















AASHO Nomograph for P 1 � 2.5 Showing Revised Soil Support Scale 
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INTRODUCTION 
To determine pavement thicknesses from the design 
charts and( or) tables, it is necessary to know only the 
EAL' s, the CBR of the subgrade soil, and the modulus 
of elasticity of the bituminous concrete layers. The 
charts permit selection of pavement structures 
employing alternative proportions of bituminous 
concrete and crushed stone base. Total thickness varies 
according to the proportion chosen. It is implicitly 
intended that the selection of alternative structures be 
based on engineering considerations, such as: 
1. estimates of comparative construction costs, 
2. compatibility with cross section template and 
shoulder designs, 
3. uniformity or standardization of design 
practices, 
4. highway system classification, 
5. engineering precedence, and 
6. utilization of indigenous resources. 
Designs based on 33 percent and 67 percent 
proportions (thickness of pavement structure) of 
bituminous concrete (modulus of 480 ksi (3300 MPa)) 
and crushed rock base, respectively, conform with the 
Bureau's current design chart (for high-type pavements), 
representing conventional or precedential designs. The 
charts otherwise represent theoretical extensions of 
conventional designs and, from a theoretical standpoint, 
provide equally competent structures. 
DESIGN EAL 
Heretofore, the Kentucky design system was based 
on EWL' s. The present system is based on EAL' s. This 
transformation was made for the sake of unifying design 
practices and standardizing design terms. EAL' s are 
defined here as the cumulative number of equivalent 
18-kip axleloads (cf, "AASHO Interim Guide for the 
Design of Flexible Pavement Structures," 1972; AASHO 
Subcommittee on Roadway Design) in the design lane. 
An approximate conversion is made by dividing EWL's 
by 32 , that is, divide by 2 to reduce two-directional 
EWL' s to one direction and divide by 16 to convert 
from a 10-kip (44.5 kN) axleload (or S-kip (22.2 kN) 
wheel load) to an 18-kip (80.1 kN) axleload. 
Normally, traffic volumes are forecast in 
connection with needs studies and in the planning stages 
for all new routes and for major improvements of 
existing routes. Whereas anticipated traffic volume is an 
important consideration in the styling and geometric 
design of a roadway, composition of the traffic in terms 
of axle weights (and possibly lane distributions) is 
essential to the structural design of pavements. Traffic 
volumes used for EAL computations should therefore 
be reconciled with other planning forecasts of traffic. 
Historically, actual growths of traffic have exceeded 
forecasts in the majority of cases. Overriding predictions 
of traffic volumes may be admissible for purposes of 
EAL estimates when properly substantiated. Moreover, 
the design life of the pavement may differ from the 
geometric design period. 
Basically, computation of EAL' s involves a forecast 
of the total number of vehicles expected on the road 
during its design life and multiplying by factors to 
convert traffic to EAL' s. More ideally, the yearly 
increments of EAL' s could be calculated and summed; 
this approach would permit consideration to be given 
to anticipated changes in legal weight limits, changes in 
styles of cargo haulers, and future changes in routing. 
DESIGN CBR 
CBR test values reflect the supporting strength of 
soil. Moreover, the test procedure intentionally 
conditions the soil , by soaking , to reflect its least 
or minimum supporting strength; this is presumed to 
be representative of soil strength during sustained wet 
seasons when the ground is saturated or nearly so. At 
other times, the soil may be much stronger; and 
pavements thereon would be capable then of 
withstanding heavier loads. If pavements were not 
designed for the minimum capabilities of the foundation 
soil, it would be necessary to impose further restrictions 
se�sonally on axleloads to prevent premature failures. 
The CBR value does not assure immunity against 
frost heave; however, CBR does have a compensating 
effect in the design of the pavement structure. Greater 
pavement thicknesses are required for low-CBR soils 
than for high-CBR soils; and it is usually the low-CBR 
soils which are more sensitive to frost. Usually, it will 
not be economical or practical to eliminate 
frost-sensitive soils. Very high-type pavements are 
usually of such thickness that the supporting soil lies 
below the freezing line. Of course, this is not true for 
thinner pavements; therefore, the structure providing the 
greatest template depth is preferred where frost-sensitive 
soils are encountered. Pavements less than 6 in. (15 em) 
in thickness or having less than 4 in. (10 em) of asphaltic 
concrete should be regarded dubiously from this point 
of view. Rock subgrade is recommended where suitable 
materials are economically available. 
DESIGN MODULUS OF 
ASPHALTIC CONCRETE 
Generally, the modulus of elasticity of bituminous 
concrete mixtures falls within a very limited range. The II. 
effective moduli of asphalt-bound layers depend upon 
pavement temperature and time of loading. As design 
systems begin to take into account to greater degrees 
the range of pavement temperatures and time of loading, 
the modulus selected for design purposes becomes more 
and more significant. Analysis of the performance of 
Kentucky pavements in comparison with theoretical 
computations indicate that bituminous concretes used 
io Kentucky typically have an apparent modulus of 
elasticity of about 480 ksi (3300 MPa); this corresponds 
to the modulus at 64 F ( 18.8 C) (the annual mean 
pavement temperature) obtained from an independent 
correlation between modulus and average pavement· 
temperature. The design modulus value may be 
subjectively weighted when other than conventional 
pavement structures are employed. The design tables and 
graphs recommended for use are identified as being for 
an E1 of 305 ksi (2100 MPa) for a full-depth bituminous 
concrete pavement. These' tables and charts provide a 
built-in, graduated weighting from 480 ksi (3300 MPa) 
for 33-percent asphaltic concrete structures to 305 ksi 




Select a tentative design period (and design 
life); record inclusive dates. 
Note 1: The design period is the inclusive 
dates; the number of intervening years is the 
design life. 
Note 2: The design life normally shall be 
considered to be 20 years. Pavements may be 
designed for a 20-year life but "stage" 
constructed; for instance, the initial stage 
might be based on an 8- or I 0-year design 
period. Low class roads may be stage designed 
or merely designed for a proportionately 
shorter life. Usually, it will not be practical 
to design pavements for low class roads to last 
20 years. Economic analysis or limitations of 
funds may dictate the design period. In any 
case, the design period should be documented 
and justified. 
Note 3: Staged designs may require 
commitments of funds or other assurances 
that succeeding stages will be constructed. 
Obtain route description and relevant traffic 
volume information. 
Note 1: If only the beginning and 20th-year 
AADT's are furnished, it may become 
necessary to request a listing of AADT' s 
estimated for each calendar year -- otherwise 
a normal growth curve must be assumed. In 
the absence of specific guiding information, 
a constant, yearly increase factor may suffice 
-- typified by the compound interest equation 
A = P(l + i)n where A = AADT in the nth 
year, P = beginning AADT, i = yearly growth 
factor, and n = number of years from the 
beginning. (If i = .05, the AADT will double 
in 14.2 years). Thus, the AADT for each year 
may be calculated and then summed through 
n years; or an "effective11 AADT may be 
calculated by (P + A)/2 -- which, when 
multiplied by the number of years, yields the 
same end result. Errors will arise if the 
long-term average or "effective" AADT is used 
in making computations for fractional design 
periods. 
Note 2: AADT's are normally based on 
two-directional traffic volumes and may be 
reduced to one direction only (divide by 2, 
unless there is reason to suspect directional 
inequality). Because of previous precedents 
which are yet respected in the method of 
estimating EWL' s, it may be desirable to 
compute two-directional EAL' s and to adjust 
those values to a single-lane basis. When dual 
lanes in each direction are involved and when 
lane EAL's are desired, it is reasonable to 
assume that 90 percent of the trucks will use 
the outer lane. It is reasonable to assume also 
that 65 percent of the trucks will use the 
outside lane when there are three lanes in each 
direction. (These distributions were obtained 
from observations on interstate roads and 
represent approximately half-life traffic 
volumes, cf. Research Report No. 302). 
Lane-distribution factors may be applied 
(approximately) to EAL estimates inasmuch 
as cars contribute only a small portion to the 
gross EAL's. However, at some points traffic 
may be assigned to lanes; and distributions 




there may be overriding reasons to disregard 
lane distributions altogether and to design and 
construct an lanes to the maximum uniform 
thickness -- that is, from the standpoint of 
construction costs, subdrainage, and future 
lane additions. 
Estimate design EAL's using forms and 
instructions included herewith (Reference: 
Appendix F, Traffic Parameters for the 
Prediction, Projection, and Computation of 
EWL 's; by J. A. Deacon and R. L. Lynch, 
Division of Research, Augnst 1968). 
Note 1: This is a highly simplified procedure 
which involves subjective weighting factors. 
Additional weighting may be injected by 
performing the computations in fractional 
periods during which the subjective factors are 
presumed to remain constant and then altering 
the factors as necessary in succeeding periods. 
Likewise, an overriding increase or decrease in 
AADT could be treated in this way. Use 
additional forms for each succeeding 
computation period. 
Note 2: If a design life of less than 20 years 
is to be considered or if 11 staged'' design and 
construction is envisaged, determine EAL1s for 
the respective design period. Use additional 
forms for second-stage design periods. 
Analyze soil survey infonnation and resolve 
design CBR values for project or sections 
therein. 
Note 1: Ideally, analysis of soil surveys and 
exploration reports will not only assure 
rejection of soils ineligible for service as 
subgrade (foundation under pavements) but 
may enable some additional selectivity of the 
more competent soils. Soils having high CBR's 
may even be reserved from cuts and used as 
the final lift throughout a section of roadway; 
however, because of the necessity of 
stockpiling and double handling, this may not 
always prove to be economical. It is 
reconunended, of course, that the designer 
consider comparative costs of design 
alternatives and exercise due judgement. 
Note 2: Soil surveys may indicate wide 
v. 
VI. 
variations in CBR' s along the length of a 
specific project route. It is presumed and 
premised that adequate pavement thicknesses 
will be provided throughout the project. The 
designer must, therefore, consider the 
contiguity of the soils and perhaps sectionalize 
the project according to minimum CBR' s. An 
analog graph may be helpfuL The designer 
must respect all minimums or else some 
sections of pavement will be "underdesigned;" 
"overdesigns" must be admitted as a natural 
consequence therefrom. Here again, subjective 
judgement is admissible. For example, 
consider two high-CBR sections having 
relatively long lengths separated by an 
intervening short section having a low CBR. 
The designer is privileged to decide whether 
to require the low-CBR section to be 
"upgraded" to the same quality as the 
abutting high-CBR sections or to make a 
separate design for the low-CBR section. Of 
course, the designer should consider relative 
economics of the two alternatives, but he may 
also consider continuity and uniformity of 
pavement section and construction control as 
pertinent factors. Usually, it will be found 
impractical to vary the design thickness within 
short distances. 
Note 3: It is recommended that soils having 
CBR' s of less than 3 be con<idered ineligible 
and unsuitable for use as pavement 
foundations. 
Note 4: Test values of CBR' s shall be 
determined and so reported as the minimum 
bearing ratio. 
Determine layer thicknesses from design tables 
or graphs based on recommended modulus of 
elasticity of asphaltic concrete. 
Note 1: The modulus of elasticity of the 
asphaltic concrete should be taken to be 480 
ksi (3300 MPa) for 33-percent asphaltic 
concrete structures and 305 ksi (2 100 MPa) 
for 1 00-percent asphaltic concrete pavements; 
use only tables and graphs identified as 305 
ksi (2100 MPa) (included herewith). 
Determine alternative thicknesses from the 
design tables or graphs. Analyze the several 
3 
alternatives from the standpoint of 
engineering and economic feasibility. 
Note I: Alternatives excluded by policy or 
predisposition may be omitted at the outset 
unless there is some likelihood that the 
analysis might prove to be persuasive or 
preemptive. 
Note 2: Surface renewal for deslicking or 
protecting an otherwise adequate pavement 
structure during a 20-year tenure in service is 
highly probable; leveling courses may be 
needed to compensate for settlement and 
subsidence. "Stagedn design and construction 
offers off-setting benefits. Whereas surface 
renewal and wedging are otherwise accounted 
as maintenance, staging should be conceived 
not as a disguised form of maintenance but 
rather as an alternative to be evaluated and 
employed if found advantageous. 
Note 3: Whereas the basic design curves 
provide equal assurances against rutting 
throughout all ranges of EAL's, greater rutting 
is tacitly and progressively admissible in some 
inverse relationship to EAL's. It has been 
presupposed that no additional rutting should 
be allowed in pavements designed for more 
than 4 x 106 EAL' s. On the other hand, it 
seemed that pavements designed for 7.8 x 103 
EAL' s might be allowed to rut in a completely 
uncontrolled manner. Weightings in 
proportion to EAL' s permitted tables and 
charts to be devised with 11built-in11 rutting 
control. 
Note 4: Neither the design charts nor the EAL 
parameters are discretely appliable to the 
structural design of shoulder pavements. 
Shoulder pavements, in one sense, are 
analogous to "hard stands;" in another sense, 
they might be compared to low-class roads. 
Designs for 7.8 x 103 EAL's (equivalent to 
1 .07 18-kip (80 kN) axles per day or 7,800 
repetitions in 20 years) may result in 
11overdesign.11 On the other hand, if it were 
necessary to divert main-line traffic onto the 
shoulder to do maintenance on the main line, 
the 20·year quota of repetitions might be 
accumulated in a few days. For this reason, 
thickness design of the shoulder should 
include some reserve capabilities. However, in 
the absence of more definitive criteria, it is 
suggested that curves for 3.1 x 1 04 EAL's be 
used for guidance. Further reductions in 
thickness may be justified on the basis that 
shoulders are repairable. Design practices 
involving 11daylighting" base courses to the 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE= 33% 
MODUL US O F  ASPHALTIC CONCRETE FOR 
FULL- DEPTH DESIGN = 2 7 0  KSI 
= 305 KSI 
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PERCENT OF TOTAL THICKNESS COMPOSED 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE= 75% 
MODULUS OF ASPHALTIC CONCRETE FOR 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE = 67'% 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE = 50% 
MODULUS OF ASPHALTIC CONCRETE FOR 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE "' 100"/g 
MODULUS O F  ASPHALTIC CONCRETE FOR 
FULL-D EPTH DESIGN = 375 KSI 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE : 75% 
MODULUS OF ASPHALTIC CONCRETE FOR 
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PERCENT OF TOTAL THICKNESS COMPOSED 
OF A SPHALTIC CONCRETE = 67% 
MODULUS OF ASPHALTIC CONCRETE FOR 
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PERCE N T  OF TOTAL THICKNESS COMPOSED 
OF ASPHALTIC CONCRETE :: 50°/o 
MODULUS OF ASPHALTIC CONCRETE FOR 
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Design Tables 
FLEXIBLE PAVEMENT DESIGNS 
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E1 AT IOO%: 270 KSI 
PERCENT OF TOTAL TlflCKNESS 
































































































































































FLEXIBLE PAVEMENT DESIGNS 
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E1 AT IOO'lo: 
270 KSI 
PERCENT OF TOTAL TlflCKNESS 
































































































































































FLEXIBLE PAVEMENT DESIGNS JUNE 1973 FLEXIBLE PAVEMENT DESIGNS JUNE 1973 
TRAFFIC: 7.81 x 103 EAL E1 AT 100%: 270 KSI TRAFFIC: 3.12 x 10
4 EAL E 1 AT 100%: 270 KSI 
PERCENT OF TOTAL THICKNESS PERCENT OF TOTAL THICKNESS 
COMPOSED OF ASPHALTIC CONCRETE COMPOSED OF ASPHALTIC CONCRETE 
-
CBR 33 50 67 75 100 CBR 33 so 67 75 100 
2 Total Thickness 12.3 9.3 7.7 7.2 6.1 2 Total Thickness 16.4 12.5 10.5 9.8 8.2 
AC Thickness 4.1 4.7 5.2 5.4 6.1 AC ThickneSs 5.5 6.3 7.0 7.4 8.2 
DGA Thickness 8.2 4.6 2.5 1.8 DGA Thickness 10.9 6.2 3.5 2.4 
3 Total Thickness 10.9 8.3 6.9 6.5 5.7 3 Total Thickness 14.9 1 1.4 9.6 9.0 7.7 
AC Thlckness 3.7 4.2 4.6 4.9 5.7 AC Thickness 5.0 5.7 6.4 6.8 7.7 
DGA Thickness 7.2 4.1 2.3 1.6 DGA Thickness 9.9 5.7 3.2 2.2 
4 Total Thickness 9.8 7.4 6.3 6.0 5.4 4 Total Thickness 13.6 !0.5 8.9 8.4 7.3 
AC Thickness 3.3 3.7 4.2 4.5 5.4 AC Thickness 4.6 5.3 6.0 6.3 7.3 
DGA Thickness 6.5 3.7 2.1 1.5 DGA Thickness 9.0 5.2 2.9 2.1 
5 Total Thickness 6.8 5.8 5.5 5.1 5 Total Thickness 1 2.6 9.8 8.3 7.9 6.9 
AC Thickness 3.4 3.9 4.2 5.1 AC Thickness 4.2 4.9 5.6 6.0 6.9 
DGA Thickness 3.4 1.9 1.3 DGA Thickness 8.4 4.9 2.7 1.9 
6 Total Thickness 6.2 5.3 5.1 4.8 6 Total Thickness 1 1.7 9.2 7.9 7.5 6.6 
AC Thickness 3.1 3.6 3.9 4.8 AC Thickness 3.9 4.6 5.3 5.7 6.6 
DGA Thickness 3.1 1.7 1.2 DGA Thickness 7.8 4.6 2.6 1.8 
7 Total Thickness 5.0 4.8 4.6 7 Total Thickness 10.9 8.7 7.5 7.1 6.3 
AC Thickness 3.4 3.6 4.6 AC Thickness 3.7 4.4 5.0 5.4 6.3 
DGA Thickness 1.6 1.2 DGA Thickness 7.2 4.3 2:5 1.7 
8 Total Thickness 4.5 4.4 8 Total Thickness 10.2 8.1 7.1 6.8 6.1 
AC Thickness 3.4 4.4 AC Thickness 3.4 4.1 4.8 5.1 6.1 
DGA Thickness 1 . 1  DGA Thickness 6.8 4.0 2.3 1.7 
9 Total Thickness 4.2 4.2 9 Total Thickness 9.5 7.7 6.7 6.4 5.8 
AC Thickness 3.2 4.2 AC Th.ickness 3.2 3.9 4.5 4.8 5.8 
DGA Thickness 1.0 OOA Thickness 6.3 3.8 2.2 1.6 
1 1  Total Thickness 3.8 1 1  Total Thickness 6.8 6.0 5.8 5.4 
AC Thickness 3.8 AC Thickness 3.4 4.0 4.4 5.4 
DG-A Thickness DGA Thickness 3.4 2.0 1.4 
1 3  Total 'Thickness 3.5 1 3  Total 'Thickness 6.2 5.5 5.3 5.0 
AC Thickness 3.5 AC Thickness 3.1 3.7 4.0 5.0 
DGA Thickness IXiA Thickness 3.1 1.8 1.3 
15 Total Thickness 3.2 1 5  Total Thickness 5.0 4.9 4.7 
AC Thickness 3.2 AC Thickness 3.4 3.7 4.7 
DGA Thickness DGA Thickness 1.6 1.2 
FLEXIBLE PAVEMENT DESIGNS 















































E1 AT 100%: 270 KS! 
PERCENT OF TOTAL TlllCKNESS 
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FLEXIBLE PAVEMENT DESIGNS 















































E1 AT 100%: 270 KSI 
PERCENT OF TOTAL TlllCKNESS 
COMPOSED OF ASPHALTIC CONCRETE 
33 
35.4 
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FLEXIBLE PAVEMENT DESIGNS 
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E1 AT 100%: 270 KSI 
PERCENT OF TOTAL THICKNESS 




























! 1 .6 
16.5 
5.5 















































! 1 .6 
S.7 
16.6 





































1 1 .4 
3.8 
14.7 




































1 1 .6 
1 1 .6 
1 1.2 
1 1 .2 
FLEXIBLE PAVEMENT DESIGNS 
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E1 AT 100%: 270 KSI 
PERCENT OF TOTAL TIIICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 















































E1 AT 100%: 30S KSI 
PERCENT OF TOTAL THICKNESS 

















































































































































FLEXIBLE PAVEMENT DESIGNS 
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AT 100%: 30S KSI 
PERCENT OF TOTAL THICKNESS 
































































































































































FLEXIBLE PAVEMENT DESIGNS JUNE 1973 FLEXIBLE PAVEMENT DESIGNS JUNE 1973 
TRAFF!Co 3.2 X to7 EAL E1 AT l00%o 270 KSI TRAFFIC 7.81 x 10
3 EAL E1 AT l00%o 305 KSI 
PERCENT OF TOTAL THICKNESS PERCENT OF TOTAL THICKNESS 
COMPOSED OF ASPHALTIC CONCRETE COMPOSED OF ASPHALTIC CONCRETE 
CBR 33 so 67 75 100 CBR 33 50 67 75 100 
2 Total Thickness 39.3 32.7 28.0 26.4 22.7 2 Total Thickness 12.3 9.1 7.5 7.0 6.0 
AC Thickness 13.1 16.4 18.7 19.8 22.7 AC Thickness 4.1 4.6 5.0 5.3 6.0 
DGA Thickness 26.2 16.3 9.3 6.6 DGA 'Thickness 8.2 4.5 2.5 1.7 
3 Total Thickness 35.6 30.2 26.4 25.0 21.7 3 Total Thickness 10.9 8.1 6.8 6.4 5.6 
AC Thickness 1 1.9 15.1 17.6 18.8 21.7 AC Thickness 3.7 4.1 4.6 4.8 5.6 
DGA Thickness 23.7 15.1 8.8 6.2 DGA Thickness 7.2 4.0 2.2 1.6 
4 Total Thickness 33.1 28.6 25.2 24.0 21.0 4 Total Thickness 9.8 7.3 6.2 5.8 5.3 
AC Thickness 1 l . l  14.3 16.8 18.0 21.0 AC Thickness 3.3 3.7 4.2 4.4 5.3 
DGA Thickness 22.0 14.3 8.4 6.0 DCA Thickness 6.5 3.6 2.0 1.4 
5 Total Thickness 31.4 27.3 24.3 23.2 20.5 5 Total Thickness 6.7 5.7 5.4 4.9 
AC Thickness 10.5 13.7 16.2 17.4 20.5 AC Thickness 3.4 3.8 4.1 4.9 
DGA Thickness 20.9 13.6 8.1 5.8 DGA Thickness 3.3 1.9 1.3 
6 Total Titickness 30.0 26.2 23.5 22.5 20.0 6 Total Thickness 6.1 5.2 5.0 4.6 
AC Thickness IO.Q 13.1 15.7 16.9 20.0 AC Thickness 3.1 3.5 3.8 4.6 
DGA Thickness 20.0 13.1 7.8 5.6 DGA Thickness 3.0 1.7 1.2 
7 Total Thickness 28.8 25.3 22.9 22.0 19.6 7 Total Thickness 4.6 4.4 
AC Thickness 9.6 12.7 15.3 16.5 19.6 AC Thickness 3.5 4.4 
DGA Thickness 19.2 12.6 7.6 5.5 DGA Thickness l . l  
8 Total Thickness 27.9 24.6 22.3 21.4 19.2 8 Total Thickness 4.2 4.2 
AC Thickness 9.3 12.3 14.9 16.1 19.2 AC Thickness 3.2 4.2 
DGA Thickness 18.6 12.3 7.4 5.3 DGA Thickness 1.0 
9 Total Thickness 27.1 23.9 21.7 20.9 18.9 9 Total Thickness 4.0 
AC Thickness 9.1 12.0 14.5 15.7 18.9 AC Thickness 4.0 
DGA Thickness 18.0 1 1 .9 7.2 5.2 DGA Thickness 
! 1  Total Thickness 25.7 22.7 20.8 20.1 18.3 I I  Total Thickness 3.6 
AC Thickness 8.6 1 1 .4 13.9 15.1 18.3 AC Thickness 3.6 
DCA Thickness 17.1 11.3 6.9 5.0 DGA Thickness 
13 Total Thickness 24.7 21.7 20.0 19.4 17.8 13 Total Thickness 3.2 
AC Thickness 8.3 10.9 13.4 14.6 17.8 AC Thickness 3.2 
DCA Thickness 16.4 10.8 6.6 4.8 DGA Thickness 
15 Total Thickness 23.8 20.9 19.3 18.7 17.4 15 Total Thickness 
AC Thickness 8.0 10.5 12.9 14.1 17.4 AC Thickness 
DGA Thickness 15.8 10.4 6.4 4.6 DGA Thickness 
FLEXIBLE PAVEMENT DESIGNS 
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AT 100%: 30S KS1 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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AT 100%: 30S KSI 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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E 1 AT 100%: 305 KSI 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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JUNE 1 973 
E1 AT 100%: 305 KSI 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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E1 AT 100%: 375 KSI 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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AT 100%: 375 KSI 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 















































E1 AT 100%: 375 KSI 
PERCENT OF TOTAL TlflCKNESS 
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FLEXIBLE PAVEMENT DESIGNS 















































E 1 AT 100%: 
375 KS! 
PERCENT OF TOTAL TlflCKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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AT 100%: 305 KSI 
PERCENT OF TOTAL THICKNESS 
COMPOSED OF ASPHALTIC CONCRETE 
33 
39.3 





























































































































































FLEXIBLE PAVEMENT DESIGNS 
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E 1 AT 100%: 375 KSI 
PERCENT OF TOTAL THICKNESS 























































































FLEXIBLE PAVEMENT DESIGNS 
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E 1 AT 100%: 375 KSI 
PERCENT OF TOTAL THICKNESS 




















































































































































FLEXIBLE PAVEMENT DESIGNS 















































EI AT 100%' 375 KSI 
PERCENT OF TOTAL THICKNESS 
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FLEXIBLE PAVEMENT DESIGNS 
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AT 100%' 375 KSI 
PERCENT OF TOTAL THICKNESS 
COMPOSED OF ASPHALTIC CONCRETE 
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FLEXIBLE PAVEMENT DESIGNS JUNE 1973 
TRAFF!Co 3,2 X 107 EAL E
1 
AT 100%: 37S KSI 
PERCENT OF TOTAL THICKNESS 
COMPOSED OF ASPHALTIC CONCRETE 
CBR 33 so 67 7S 100 
2 Total Thickness 39.3 31.8 26.4 24.6 20.5 
AC Thickness 13.1 IS.9 17.6 18.S 20.5 
DGA Thickness 26.2 IS.9 8.8 6.1 
3 Total Thickness 3S.6 29.3 24.9 23.3 19.6 
AC Thickness 1 1.9 14.7 16.6 17.5 19.6 
DGA Thickness 23.7 14.6 8.3 S.8 
4 Total Thickness 33.1 27.6 23.8 22.4 18.9 
AC Thickness 11.1 13.8 IS.9 16.8 18.9 
DGA Thickness 22.0 13.8 7.9 S.6 
s Total Thickness 31.4 26.4 22.9 21.6 18.3 
AC Thickness 10.5 13.2 IS.3 16.2 18.3 
DGA. Thickness 20.9 13.2 7.6 S.4 
6 Total Thickness 30.0 25.4 22.2 21.0 17.8 
AC Thickness 10.0 12.7 14.8 !S.8 17.8 
DGA Thickness 20.0 12.7 7.4 S.2 
7 Total Thickness 28.8 24.5 2l.S 20.4 17.4 
AC Thickness 9.6 12.3 14.4 15.3 17.4 
DGA Thickness 19.2 12.2 7.1 S.l 
8 Total Thickness 27.9 23.8 21.0 19.9 17.1 
AC Thickness 9.3 1 1 .9 14.0 15.0 17.1 
DGA Titickness 18.6 1 ! .9 7.0 4.9 
9 Total Tirickness 27.1 23.2 20.4 19.4 16.8 
AC Thickness 9.1 1 1 .6 13.6 14.6 16.8 
DGA Titickness 18.0 11.6 6.8 4.8 
I I  Total Thickness 25.7 22.1 19.6 18.6 16.2 
AC Thickness 8.6 1 1 .1 13.1 14.0 16.2 
DGA Tirickness 17.1 1 1 .0 6.5 4.6 
13 Total Thickness 24.7 21.1 18.8 17.9 15.6 
AC Thickness 8.3 10.6 12.6 13.5 IS.6 
DGA Thickness 16.4 10.5 6.2 4.4 
IS Total Thickness 23.8 20.4 18.2 17.3 IS.2 
AC Thickness 8.0 10.2 12.1 13.0 15.2 
DGA Thickness IS.8 10.2 6.1 4.3 
Design Worksheets 
ESTIMATE OF EQUIVALENT 18-KlP AXLELOADS (EAL'S) FOR THE 
STRUCTURAL DESIGN OF BITUMINOUS CONCRETE PAVEMENTS 
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PROJECT lDENTIFICATION(S) ____________________________ _ 
ROUTE NUMBER ________________ .COUNTY(S) _____________ _ 
TERMINI _____________________ __ ____________ _____________ __ __ _ ___ 
DESIGN PERIOD (show inclusive dates) __________ to ____ ; NO. OF YEARS _______ _ 
BEGINNING AADT _________________REFERENCE ___________ _ 
AADT AFTER ___ YEARS ____________________________ _ 
(Note: Beginning AADT may be expanded by use of compound interest equation, A =  P(l + i)0, where A "'  AADT in nth 
year, P "' beginning AADT, i "' yearly Increase factor, and n "' number of years from beginning; i varies from about .03 to 
.08; cite reference or justification for value of i chosen ______________________ _ 
otherwise use 0.05.) 
A = __ (! + __ )--
AVERAGE EFFECTIVE NUMBER OF VEHICLES PER DAY [(P + A)/2], _______________ __ 
TOTAL NUMBER OF VEHICLES IN DESIGN PERIOD [No. of Years x 365 x (P + A)/2] ___________ _ 
COMPUTATION OF EAL'S 
TOTAL DIREC-
NUMBER EAL'S TWO- TIONAL ONE- LANE 
TYPE OF PERCENT* OF PER DIRECTION DISTRI- DIRECTION DISTRI- UNIT 
VEHICLE 100 VEHICLES VEHICLE** EAL'S BUTION EAL'S BUTION EAL'S 
Cars X X 0.0002 X X 
Buses X X 0.4000 X ----= X 
SU-2A-4T X X X X 
SU·2A-6T X X X X - -
SU-3A X X = X X 
C-3A X X = X X - - ---
C-4A X X = X = X 
C-SA X X = X = X 
Other X X " X X ---
Other X X = X = X --
Other X X X X 
E E E -----
*Source (from Table III or from other source) 
**Source (from Table IV or from other source) ___________________________ _ 
Note 1: All axles are treated as single units. 
Note 2: EAL's may be estimated on the basis of the beginning AADT x 365 and then expanding the 1-year estimate through n 
years by using the compound interest equation. 
COMMENTS:---------------------------------------------------------------------
ESTIMATE MADE BY _________ _ 
DATE _____ ______ ___ _____ __ __ 
Page 2 of 5 
TABLE I 
DESCRIPTION OF LOCAL CONDITIONS (RURAL) 























Interstate-Numbered Rural Route 
US-Numbered Rural Route 
KY-Numbered Rural Route 




































Serves Predominantly North-South Traffic 
Serves Predominantly East-West Traffic 
Alternate Route Provides Inferior Service 
No Alternate Route or Same Quality of Service 
Alternate Route Provides Superior Service 
Primarily Provides Service to Major Recreational Activities 
Provides Significant Service to Major Recreational Activities 
Provides Some Service to Recreational Activities 
Ordinary 
Provides Some Service to Mining Activities 
Provides Significant Service to Major Mining Activities 
Primarily Provides Service to Major Mining Activities 
Provides More than Ordinary Service to Industrial Activities 









1 0000- 1 3999 








Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
Vehicles per Day 
(Highway Districts 
(Highway Districts 
I and 2) 
3, 4, and 8) 
North Central (Highway Districts 5,  6, and 7) 






TABLE ll Page 3 of 5 
BASIC VEHICLE TYPE PERCENTAGES (RURAL) 
_.Select Basl.c Percentages for Each Vehicle Type and Transfer to Page 4u 
ROAD MAX ALLOW VOLUME 

























3 5 63.232 0.520 4.211 5.809 0.534 4.544 20.424 0.732 
3 6 70.827 0.379 4.753 4.946 0.633 2.767 14.191 1.511 






4 3 63.555 0.213 9.073 11.460 1.221 0.585 7.322 6.579 
4 4 
4 5 73.548 0.274 6.841 7.266 0.790 2,002 8.602 0.686 
4 6 68.765 0.224 4.778 6.036 0.775 2.964 13.016 3.451 
4 7 71.526 0.316 4.905 5.164 0.726 1.861 8.112 7.397 
4 8 75.539 0.225 4.589 4.694 0.624 1.361 6.718 6.258 
4 9 74.209 0.387 5.575 4.357 0.496 1.654 4.744 8.585 
4 10 
2 I 72.804 0.672 14.234 9.353 0.813 1.682 0.336 0.113 
2 2 80.650 0.620 10.911 6.492 0.515 0.387 0.432 0.001 
2 3 76.797 0.186 12.914 8,711 0.167 0.422 0.729 0.082 
2 4 75.593 1.142 12.3!9 8.944 0.001 1.938 0.068 0.001 






2 2 I 60.l l2 3.077 1 1 .493 12.907 1.659 10.458 0.301 0.001 
2 2 2 64.433 1.443 12.902 14.914 0,717 5,226 0.350 0.022 
2 2 3 69.220 1.091 1 1 .578 12.356 0,683 4.378 0.659 0.041 
2 2 4 70.700 1.381 9.788 10.067 0.652 6.766 0.623 0.029 
2 2 5 68.870 1.346 8.354 9.733 1.217 9.255 1.205 0,028 
2 2 6 71.011 1.065 8.621 9.385 0.830 7.996 1.054 0.038 
2 2 7 73.835 0.854 6.890 8.620 0.720 7.865 1.176 0.048 
2 2 8 77.521 0.978 5.667 6.420 0.603 7.974 0,822 o.o:iJ 
2 2 9 78.190 0.869 6.134 6.537 0.470 7,160 0.632 O.Ql5 
2 2 10 79.856 0.841 6.122 5.538 0.538 5.872 1.150 0.089 
2 3 I 74.075 0.001 12.141 10.906 0.618 0.207 1.853 0.207 
2 3 2 69.791 1.135 12.824 9.658 1.501 2.473 2.554 0.071 
2 3 69.429 LI75 10.008 9.973 0.887 2.743 5.702 0.089 
2 3 4 70.021 0.852 9.185 8.249 1.350 3,231 6.847 0.273 
2 3 5 71.708 0.913 8.278 7.942 1.349 3.172 6.406 0.239 
2 3 6 71.246 0.681 7.610 8.059 0.948 3.721 7.526 0.217 
2 3 7 71.600 0.711 6.727 8.304 1.041 3.335 8.153 0.136 
2 3 8 78.508 0.873 6.3!5 5.999 0.588 1.876 5.768 0.081 
2 3 9 81.951 0.618 5.934 4.694 0.534 1.974 4.216 0.086 
2 3 10 75.521 0.447 8.083 7.681 0.453 4.102 3.706 O.Ql5 
2 4 I 
2 4 2 7l.l53 1.1104 12.001 9.902 0.863 0.823 3.351 0.909 
2 4 3 70.782 1.039 11.351 9.092 1.047 0.890 3.929 1.876 
2 4 4 70.012 0.791 9.867 7.272 1.947 1.349 5,001 3.768 
2 4 ' 71.397 0.569 9.704 7.076 1.325 1.303 5,990 2.643 
2 4 ' 71.632 0.497 9.259 7.552 1.370 1.056 5.042 3.599 
2 4 7 71.768 0.457 8.051 6.614 1.231 1.410 6.401 4.076 
2 4 8 74.020 0.538 7.343 7.206 0.747 1.122 5.284 3.750 
2 4 9 81.499 0.510 5.365 3.645 0.472 0.904 4.081 3.527 
2 4 10 84.122 0.138 7.477 4.377 0.286 0.642 1.824 l.\41 
ttSelect Basic Percentages for Each Vehicle Type and Transfer to Page 4u 
ROAD MAX ALLOW VOLUME 
TYPE GR WEIGHT GROUP CARS BUSES 
3 I 67.622 0.911 
3 2 71.247 " 560 
3 3 73.944 0.351 
3 4 75.504 0.641 
3 s 83.605 0.252 





2 I 66.133 1.336 
3 2 2 64.883 1.170 
3 2 3 67.313 0.860 
3 2 4 76.486 0.737 
'3 2 s 72.275 0.834 
3 2 6 71.060 0.751 
3 2 7 
3 2 8 
2 9 
2 10 
3 69.088 0.705 
3 67.131 0.935 
3 3 69.209 0.783 
3 4 73.298 0.471 
3 s 78.092 0.714 
3 3 6 76.516 0.576 
3 3 7 
3 3 8 79.709 1.031 
3 3 9 86.144 0.805 
3 3 10 
4 I 72.722 1.225 
4 2 72.373 0.834 
4 3 7L124 0.495 
4 4 70.993 0.355 
4 s 





4 I 72.020 1.120 
4 2 76.173 0.688 








4 2 I 
4 2 2 
4 2 3 
4 2 4 
4 2 s 
4 2 6 76.911 1.607 
4 2 7 
4 2 8 
4 2 9 
4 2 !0 
4 3 72.918 3.126 
4 3 
4 3 
4 3 4 
4 3 s 
4 3 6 
4 3 7 
4 3 8 
4 3 9 
4 3 10 
4 4 I 
4 4 2 
4 4 3 
4 4 4 
4 4 s 
4 4 6 
4 4 7 
4 4 8 
4 4 9 
4 4 10 
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SU-2A-4T SU-2A-6T SU-3A C-3A C4A C-SA 
19.113 11 .924 0.078 0.237 0.096 0.027 
16�919 10.596 0.228 0.263 0.170 0.026 
14.699 9.282 0.865 0.436 0.360 0.071 
14.607 7.493 0.531 0.408 0.715 0.109 
ll.461 4.214 0.162 0.160 0.137 0.016 
11.510 16.640 0.181 0.131 0.131 0.001 
17.311 13.006 0.067 1.534 0.620 0.001 
16.148 14.708 0.606 2.037 0.339 O.llB 
13.882 14.039 0.909 2.706 0.271 0.027 
1 1.591 8.586 0.480 lAO! 0.704 0.022 
13.036 10.328 2.215 1.169 0.141 0.008 
13.269 10.497 3.248 0.802 0.376 0.006 
15.207 10.273 1.812 0.504 1.208 1.208 
18.324 9.656 1.987 0.783 1.005 0.186 
13.691 12.020 1.029 1.133 1.911 0.230 
11.800 9.634 1.355 0.744 2.244 0.462 
1 1.862 7.463 0.276 0.886 0.697 0.016 
13.882 6.991 0.557 0.434 0.898 0.154 
1 1 .543 6.130 0.908 0.306 0.283 0.095 
7.992 3.906 0.321 0.419 0.378 0.042 
18.545 6,994 0.517 0.001 0.001 0.001 
16.541 8.4{)9 0.645 0.208- 0.889 0.109 
!5.111 9.623 0.707 0.186 1.597 1.164 
13.922 9.286 0.875 0447 2.303 1.829 
12.934 5.797 0.697 0.448 1.325 0.825 
17.667 9.029 0.073 0.080 0.016 0.001 
13.379 7.277 1.493 0.658 0.306 0.035 
9.889 3.389 0.001 2.459 1.080 0.001 
9.879 7.203 0.536 3.845 0.025 0.001 
12.501 11 .459 0.001 0.001 0.001 0.001 
TABLE m Page 4 of 5 
ADJUSTED VEIDCLE TYPE PERCENTAGES (RURAL) 
u&loct the Appropriate Foctors and Perform the lndlc�tod Calculation�•• 
VEHICLE BASIC ALTERNATE SERVICE UNADJUSTED ADJUSTMENT ADJUSTED 
TYPE CODE PERCENT ROUTE PROVIDED DIRECTION AREA SEASON PERCENT FACTOR PERCENT 
1.011 1.028 0,998 0.994 0.966 
0,994 1.029 1.002 0.999 1.005 
1.019 0.999 1.016 1.038 
FROM l.Oll 0.984 0.969 





X X X X X 0.997 0.001 X 
0.993 0.646 1,052 0.772 1.185 
1.012 0.618 0.913 1.008 1.026 
0.903 1.065 1.076 0.808 
FROM (}.946 1.099 1.09<l 





X X X X X LOIS 0.001 X 
0.970 0.924 0.973 1.101 0.971 
1.002 1.058 1.045 0,952 1.013 
1.051 (1,955 0.827 0,973 
' FROM L004 1.236 1.047 
SU-2A4T 5 TABLE 0,952 




X X X X X 1.002 0.001 X 
0.967 0.631 0.990 0.918 1.061 
1.014 1.003 1.016 0.998 0.966 
0.957 0.953 0.942 0.906 
FROM 1.008 1.172 !.122 





X X X X X !.008 0.001 X 
0.826 (}.338 0.941 1.225 !.(}57 
' 1.037 1.195 1.096 0.869 a.989 
' 1.066 0.95(} 1.022 a.963 
' FROM 0.856 0.916 1.017 
SU-3A s TABlE 1.081 




X X X X X 1.003 o.om X 
l 1.034 1.(}59 1.054 0.853 1.269 
' 1.006 (}.770 0.991 1.089 0.942 
3 0.854 1.143 !.160 0.847 
' FROM 0.956 0.824 1.047 





X X X X X 1.012 0.001 " X 
(1.965 (}.713 1.038 1.109 1.073 
l.OO< (}.784 0.931 1.006 0.982 
1.050 1.145 1.062 0.962 
' FROM 0.952 0.818 1.010 
C4A s TABLE 1.145 




X X X X X 1.003 CI.OOI , X 
l 1.137 0.893 0.903 1.637 0.847 
' 0.958 0.560 1.169 0.903 1.108 
' 1.04< 0.995 0.890 1.050 
' FROM 0.943 0.748 0.949 
C·5A s TABLE 1.065 




X X X X X 0.996 0.001 X 
Adjmtment Factor " 100 divided by the sum of ullll.djusted percentages � 100/ ___ " 
UTrsnJfer AdjUilted Pe1centage to Page I In Fnrm of Fnctioru•• 
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TABLE IV 
UNIT EALS (RURAL} 
**Select the Appropriate Factors and Perform the Indicated Calculations** 
VEffiCLE ROAD ALTERNATE MAX ALLOW GEOGRAPI-llCAL DESIGN UNIT 
TYPE CODE TYPE DIRECTION ROUTE VOLUME GR WEIGHT AREA EALS 
Cars No Adjustment for Ulcal Conditions 0.0002 
Buses No Adjustment for Local Conditions 0.4000 
. 0.0054 0.0067 0.0087 . 0.0034 -0.0085 0.0054 
2 0.0 0.0 . 0.0026 0.00 1 1  - O.oJ IO 0.0033 
3 -0.0004 0,0 0.0048 -O.GIOS 0.0033 
4 -0.0004 0.0082 0.0 0.0 




9 . 0.0024 
10 0.0040 
0.0042 + + + + + + 
I -0.0684 0.0101 0.0104 . 0.0463 -0.0471 -0.0166 
< 2 0.0 0.0 - 0.0030 0.0130 -0.0622 0.0036 
3 0.0164 0.0 0.0300 - 0.0160 -0.0075 
4 0.0164 . 0.0212 0.0 0.0 






0.2053 + + + + + + 
I -0.3421 -0.0617 0.4541 0.0270 - 1.0956 -0.0845 
2 0.0 0.0 0,5409 . 0.3139 -0.1770 -0.0847 
0.8838 0.0 0.2000 0.0005 0.0138 
4 0.8838 0.0668 0.0 0.0 
SU-3A 5 0.0 
6 0.0739 




0.0959 + + + + + + 
I -0.1476 0.0897 0.1549 0.3328 0.1 924 -0.0810 
2 0.0 0.0 0.1676 0.1140 0.0792 0.0392 
.0.1686 0.0 . 0.0527 0.0184 0.0948 





9 . 0.0195 
10 - 0.1000 
0.3093 + + + + + + 
I -0.4320 0.1498 0.3778 - 0.3316 -0.8691 0.3229 
2 0.0 0.0 0.3329 0.2304 -0.7595 0.2472 
3 0.4594 0.0 0.0944 ·0.1122 0.1670 
4 0.4594 0.1464 0.0 0.0 
C-4A 0.0 
6 0.0369 
7 0.091 3  
8 0.2376 
9 0.1 805 
10 0.1300 
0.5147 + + + + + + 
-0.4868 0.3980 0.8240 0.0 -0.4514 0.2764 
2 0.0 0.0 0.6346 0.0507 -0.5495 0.3063 
0.1140 0.0 0.0968 - 0.6707 0.1134 
4 0.1140 0.3610 0.0 0.0 
C-5A 5 0.2156 





0.3417 + + + + + + 
**Transfer Unit EALS to Page I. A Negative Estimate Should Be Transferred as Zero** 
